Thermal acclimation capacity of tropical tree species
While we have considerable data on how temperate species respond to increased growth temperatures, there are only a handful of studies looking at the thermal acclimation capacity of tropical tree species, and this paucity of information impedes our ability to predict how low-latitude forests will respond to a future, warmer world. The new paper by Slot and Winter (2017) provides one of the most comprehensive studies on thermal acclimation of tropical trees to date. They grew seedlings of three common lowland tropical species at 25 °C, 30 °C and 35 °C and assessed how photosynthesis, respiration and growth were affected by the different temperature regimes.
The good news is that all the species acclimated to the warmer temperatures: the thermal optimum of photosynthesis (T opt , the temperature at which carbon uptake is maximized) increased with increasing growth temperature, and respiration rates were lower in plants from warmer treatments (indicating a reduction in carbon losses). But there was also bad news. The shift in T opt was smaller than the shift in growth temperature, net photosynthetic rates at the growth temperature (P growth , the most ecologically relevant measurement of CO 2 uptake) were reduced in plants grown at the warmest temperature, and the photosynthetic capacity of leaves showed little plasticity to growth temperature. Most strikingly, one of the three species (Calophyllum longifolium) grew so poorly at 35 °C that Slot and Winter had to use a 33 °C treatment to provide enough leaves to collect their data. Even under this lower, 'severe' warming treatment, the late-successional C. longifolium showed substantial reductions in photosynthesis compared to seedlings grown at 25 and 30 °C, and also compared to the other species in the study, Ficus insipida and Ochroma pyramidale, which are both early-successional. Overall, the results indicate that while photosynthesis in the study species shows some plasticity to increasing temperatures, acclimation cannot keep pace with warming, and this failure to acclimate successfully may be worse in late-successional species, as also seen in Cheesman and Winter (2013).
High-temperature CO 2 compensation point
One of the most interesting parts of the work by Slot and Winter (2017) was their assessment of the high-temperature CO 2 compensation point, the upper leaf temperature at which net CO 2 assimilation rates were zero (T max ; see Box 1). Recent work has explored how thermal acclimation affects photosynthetic traits such as T opt and P growth , Yamori et al., 2014) . Also, Yamori et al. (2014) noted that the span of leaf temperatures that realizes 80% of the maximum photosynthetic rate was invariant with growth temperature, implying that the temperature response of net photosynthesis is not narrowed or broadened by warming. However, there is almost nothing known about how T max is affected by changes in growth temperature. In their study, Slot and Winter (2017) found that a 10 °C change in growth temperature had no effect on T max , but T max did vary between species: while T max was 45 °C in C. longifolium (the latesuccessional species with pronounced mortality at 35 °C), T max was 50 °C for both F. insipida and O. pyramidale. The combination of a shift in T opt without a corresponding shift in T max in plants grown at warmer temperatures resulted in a narrowing of the temperature-response curve of photosynthesis.
To further explore the extent to which T max changes in response to an increase in growth temperature, we collated data from 34 published studies (Box 2; Table 1 ) that reported temperature-response curves of net photosynthesis for plants grown at two or more different thermal regimes. Only papers with measurements that included points of declining net CO 2 assimilation rates above the T opt were used, ensuring a robust estimate of T max . We then estimated T max for both control and warm-grown plants for each reported species using a secondorder polynomial fit to the temperature-response curve of net photosynthesis. Although there is considerable variation in the relationship between the degree of warming and the shift in T max , overall, a 1 °C increase in growth temperature led to a 0.4 °C increase in T max . Unfortunately, there is insufficient data to determine if there are significant differences in the thermal acclimation of T max between plant functional types, but in 25% of the cases assessed, T max actually decreased with increasing growth temperature (Box 2). Based on these findings, the inability of the tropical species investigated in Slot and Winter (2017) to shift their T max is uncommon, and may be related to the high values for T max , which are close to temperatures that can cause irreversible damage to leaves (Krause et al., 2010; .
Perspectives
Although Slot and Winter (2017) provide critical data on how carbon fluxes in tropical species acclimate to warming, there is a pressing need to move beyond gas exchange measurements in these types of studies. Many papers on thermal acclimation measure traits such as leaf nitrogen concentrations and specific leaf area, but future studies should delve more deeply into the biochemical and physiological mechanisms underlying photosynthetic (and respiratory) Box 1. Temperature response of net photosynthesis to increasing growth temperature
The solid, blue line represents a cool-grown leaf and the dashed, red line represents a warm-grown leaf. Plants grown at higher temperatures usually exhibit an increased photosynthetic thermal optimum (T opt , shown as a point on each curve), but there is little data on how T max (the upper temperature at which net CO 2 assimilation rates are zero, i.e. carbon gain balances carbon loss) responds to warming. If T opt increases but T max remains constant, as in Slot and Winter (2017) , the temperature response of net photosynthesis is 'squeezed' and becomes narrower.
Box 2. Increasing growth temperatures alter the high-temperature CO 2 compensation point Change in T max (∆ T max ) of net CO 2 assimilation rate as a function of the increase in growth temperature (∆ T growth ) in plant species from four plant functional types (see key). Each point plotted represents a comparison between cool and warm-grown plants from a single study (Table 1 ). The dotted line shows the regression for all data taken together (y=-1.29 + 0.40x; r 2 =0.13; P=0.0002).
acclimation. Recent studies in tropical tree species have highlighted the importance of within-leaf N allocation as a strong determinant of variation in photosynthetic capacity (Coste et al., 2005; Dusenge et al., 2015) . Specifically, Scafaro et al. (2016) demonstrated that accounting for changes in N allocation to the CO 2 -fixing enzyme Rubisco in response to growth temperature explained the measured variation in photosynthetic capacity in a range of temperate and tropical species. Shifts in N allocation between the Calvin cycle and electron transport may represent a major theme for thermal acclimation of carbon gain (Hikosaka et al., 2006 ), but we still lack a predictive model of photosynthetic acclimation to temperature that could explain the variation we see between plant functional types (as described in Yamori et al., 2014, and . While this is not a problem unique to tropical systems, building such a model will require a much more extensive understanding of how changes in temperature affect photosynthesis in a broad range of species and ecosystems. This represents a significant challenge, but it would be an important step forward for predicting future carbon fluxes in vegetation. Plants have developed sophisticated mechanisms to adjust their developmental programs in response to changes in their environment. This adaptation largely depends on selective changes in gene expression, which include transcriptional and post-transcriptional control. Transcriptional changes provide a long-term response and, usually, are triggered by a signaling pathway initiated by signal perception that culminates in the activation of transcription factors in the nucleus. Transcriptome (the population of total cellular mRNAs) studies have enabled the identification of genes that are crucial for adaptation in numerous plant species. However, mRNA abundance and protein levels do not always correlate due to co-and post-transcriptional mechanisms controlling gene expression. Among such post-transcriptional mechanisms, mRNA translation plays a crucial role in controlling the amount of protein present in a cell or tissue. Translational control has been observed in a number of developmental processes in plants, as well as in response to environmental cues.
During the past decade, an increasing number of studies have focused on changes in the translatome (the population of actively translating mRNAs) during phase-transitions or perturbation caused by endogenous or exogenous signals. From these studies we know that translational control can be global, affecting most cellular mRNAs, or selective, affecting just a subset. Global translational repression has been observed during stresses that produce a cellular 'energy crisis', such as hypoxia (Branco-Price et al., 2005; Branco-Price et al., 2008; Mustroph et al., 2009 ), heat (Yanguez et al., 2013 , and drought (Kawaguchi and Bailey-Serres, 2002; Kawaguchi et al., 2004; Lei et al., 2015) . On the other hand, selective translational regulation has been associated with dark/light transitions (Juntawong and Bailey-Serres, 2012), photomorphogenesis (Liu et al., 2013) , daily clock cycles (Missra et al., 2015) , and symbiosis with nitrogen-fixing bacteria (Reynoso et al., 2013) . Meteignier et al. (2017) show that selective translational control also occurs during plant immunity. A remarkable characteristic of translational regulation is that it enables rapid adjustment of the proteome using the existing transcriptome, thus providing cells or tissues with a fast and flexible response for adapting to changes in their environment, as in the case of the hypersensitive response triggered by some plant pathogens. This rapid response is frequently achieved by controlling the initiation step of translation, i.e. by increasing or decreasing the number of molecules of individual transcripts that are recruited to the translational machinery without a change in transcript abundance or even, in some cases, with an opposite change in transcript abundance.
